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FOREWORD 


In  recent  years  the  use  of  structures  at  elevated  temperatures  has 
increased  greatly.  If  the  safe  design  and  efficient  use  of  structural 
materials  are  to  be  assured,  a  knowledge  of  the  properties  of  materials 
and  of  structural  configurations  is  essential.  In  determining  these 
properties,  the  measurement  of  strains  and  deformations  is  important. 
Strain  gages  to  measure  these  quantities  must  be  capable  of  operating 
satisfactorily  over  a  wide  temperature  range. 

In  order  to  determine  the  characteristics  of  strain  gages  which 
are  available  for  use  at  elevated  temperatures,  the  Department  of  the 
Navy  and  the  Department  of  the  Air  Force  have  sponsored  a  program  for 
the  evaluation  of  these  gages.  This  report  is  one  of  a  series  giving 
the  results  of  these  evaluation  tests. 

.  There  is  a  continuing  effort  on  the  part  of  manufacturers  and 
research  organizations  to  develop  improved  strain  gagee  for  use  at 
elevated  temperatures.  Therefore  the  results  given  in  this  report 
would  not  necessarily  show  the  performance  of  similar  gages  which 
may  differ  in  characteristics  due  to  differences  in  materials,  treat¬ 
ments,  or  methods  of  fabrication. 


L.  K,  Irwin 

Chief,  Engineering  Mechanics 
Section 

B.  L.  Wilson 

Chief,  Mechanics  Division 
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Evaluation  of  Resistance  Strain  Gages 
at  Elevated  Temperatures 

Progress  Report  No*  12 
by 

J.  T.  Trumbo,  C„  H„  Melton  and  R„  L,  Bloss 


SYNOPSIS 

Type  FNH-25-12B  resistance  strain  gages,  manufactured 
by  the  Baldwin-Lima-Hamilton  Corporation,  were  evaluated 
at  elevated  temperatures.  The  factors  investigated  in¬ 
cluded  (1)  gage  factor  at  about  75°  F,  (2)  variation  of 
gage  factor  with  increasing  temperature,  (3)  response  when 
subjected  to  large  strains,  (4)  change  of  resistance  with 
time  at  various  constant  temperatures,  (5)  change  of  re¬ 
sistance  with  temperature,  (6)  response  when  subjected  to 
high  heating  rates,  and  (7)  resistance  between  the  gage 
and  the  base  material* 

The  results  of  these  tests  indicate  that  the  gage 
factor  at  75°  F  is  within  the  manufacturer's  stated  range; 
that  the  gage  factor  at  1000°  F  is  about  90  percent  of  the 
room  temperature  value;  that  the  gages  are  able  to  sustain 
strains  of  0*004  at  75°  F  and  of  0o002  at  600°  F;  that  the 
temperature  coefficient  of  resistance  of  the  gages  installed 
on  type  302  stainless  steel  is  high,  positive,  and  nearly 
constant  between  75°  and  800°  F  but  changes  rapidly  and  be¬ 
comes  very  high  between  800°  and  1200°  F;  and  that  the  gage 
response  is  repeatable  under  a  given  transient  heating 
cond ition* 


I*  INTRODUCTION 

In  the  continuing  evaluation  of  resistance  strain  gages  designed 
for  use  at  elevated  temperatures,  gages  manufactured  by  the  Baldwin- 
Lima-Hamilton  Corporation  were  subjected  to  tests.  The  gages  tested  were 
type  FNH-25-12B,  These  gages  were  subjected  to  tests  to  determine  the 
following  characteristics; 

(1)  Gage  factor  at  about  75°  F, 

(2)  Variation  of  gage  factor  with  increasing  temperature, 

(3)  Response  of  the  gages  when  subjected  to  large  strains, 
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(4)  Relative  change  of  resistance  with  time  at  constant 

temperatures, 

(5)  Resistance- temperature  relationship, 

(6)  Behavior  when  subjected  to  transient  heating,  and 

(7)  Resistance  between  the  gage  and  the  test  strip. 

The  results  of  previous  evaluations  of  other  gage  types  are  given 
in  references  1  through  10, 


2  o  GAGE  DESCRIPTION 

The  gages  which  are  reported  on  herein  are  type  FNH-25-12B  pur¬ 
chased  from  the  Baldwin-Lima- Hamilton  Corporation,  As  shown  in  figure  1 
the  active  element  is  an  etched  foil  grid  of  Nichrome  V  with  extended 
end  tabs  and  a  strippable  backing.  The  gages  are  described  in  the  manu¬ 
facturer's  bulletin  No,  4320, 

Allen  P-1  cement,  also  purchased  from  the  Baldwin-Lima-Hamilton 
Corporation,  was  used  to  attach  the  gages  to  stainless  steel  test  strips. 
Of  34  gages  installed  (some  used  for  purposes  other  than  those  reported), 
more  than  half  had  cracks  in  the  cement  covering  the  grids.  These  cracks 
ranged  in  size  from  those  that  could  not  be  seen  without  magnification  to 
those  easily  seen  by  the  unaided  eye.  The  gage  element  did  not  appear  to 
be  exposed  by  these  cracks.  The  gage  installation  procedure  was  that 
given  in  the  manufacturer's  installation  instructions  revised  as  of 
December  18,  1958,  The  installation  procedures  are  described  in  the 
appendix  to  this  report, 

3,  TEST  EQUIPMENT  AND  METHODS 

The  equipment  and  methods  used  for  the  evaluation  tests  are  described 
in  references  5,  8,  11  and  12, 

4,  RESULTS 

The  number  of  gages  subjected  to  the  various  tests  is  given  in 
table  1,  The  voltages  applied  to  the  test  circuits  are  shown  in  table  2, 
The  results  of  the  evaluations  are  given  in  tables  3  and  4  and  figures  2 
through  28, 
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4* 1  Gage  Factor 

Gage  factor  values  were  obtained  at  about  75°  F  from  four  gages  for 
a  maximum  strain  of  about  0*001  in  tension  and  compression*  These  values 
are  given  in  table  3  where 

K  =  gage  factor  for  increasing  load, 

K,  =  gage  factor  for  decreasing  load,  and 
d 

K  =  average  of  K  and  K.. 

u  d 

All  gage  factor  values  at  75°  F  agree  with  the  value  furnished  by  the 
manufacturer,  2*2  ±  0*1*  Gages  2.3-A^  and  A3  were  tested  in  tension 
before  being  tested  in  compression*  Gages  2.3-Ag  and  A^  were  tested 
in  compression  before  being  tested  in  tension*  The  testing  of  gage 
2*3-Ap  was  interrupted  during  the  third  compression  loading  cycle  by 
an  equipment  failure*  A  fourth  test  run  with  compression  loading  was 
subsequently  carried  out  with  this  gage* 

The  gage  factor  values  are  also  shown  in  figure  2*  Differences 
between  the  experimentally  determined  values  and  the  manufacturer's 
nominal  value,  expressed  as  a  percent  of  the  nominal  value,  are  plotted* 
Values  for  tensile  loading  are  plotted  on  the  abscissa^  and  values  for 
compressive  loading  are  plotted  on  the  ordinate*  The  differences 
between  the  values  determined  during  the  tests  and  the  manufacturer's 
nominal  value  are  shown  by  the  departure  of  the  points  from  the  origin. 
Departure  from  the  diagonal  line  indicates  a  difference  between  gage 
factor  values  for  tensile  and  compressive  loading*  This  figure  shows 
that  all  values  were  within  the  manufacturer's  tolerance  (about  ±  4*5 
percent),  that  gage  to  gage  variation  is  greater  than  run  to  run  varia¬ 
tion  for  one  gage,  and  that  the  gage  factor  is  slightly  higher  for 
tensile  loading  than  for  compressive  loading* 

Figures  3  through  5  show  the  departure  from  linearity  of  the  gage 
response  and  the  zero  shift  for  the  first  and  third  loading  cycles  to 
about  1000  microinches  per  inch  strain  in  tension  and  compression*  Open 
symbols  connected  with  a  dashed  line  indicate  increasing  load  and  solid 
symbols  connected  with  a  solid  line  are  for  decreasing  load*  The  values 
plotted  have  been  corrected  for  temperature  fluctuations*  Examination  of 
the  data  and  figures  indicates  that,  except  for  run  one  of  gage  2.3-A^ 
in  the  tension  direction,  the  gage  response  to  strain  is  nearly  linear 
and  that  strains  computed  using  the  nominal  gage  factor  value,  2*2,  did 
not  differ  from  actual  values  by  more  than  20  microinches  per  inch* 
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4o2  Variation  of  Gage  Factor  with  Temperature 

The  variation  of  gage  factor  with  increasing  temperature  is  shown  in 
figures  6  through  9,  Each  curve  of  figures  6  through  8  represents  the 
average  change  of  gage  factor  of  two  gages  which  are  mounted  on  opposite 
sides  of  a  beam  and  connected  in  adjacent  arms  of  a  bridge  circuit. 

Figure  9  shows  the  average  of  all  runs  for  each  set  of  two  gages  and  the 
extreme  values  of  all  runs  of  all  gage  sets.  These  figures  indicate 
good  repeatability  from  gage  to  gage  as  well  as  among  tests  of  the  same 
gage.  The  gage  factor  was  found  to  decrease  about  9  percent  in  a 
nearly  linear  manner  as  the  temperature  increased  from  75°  to  1000°  F0 


4,3  High  Strains 

Five  gages  were  subjected  to  tensile  strains  greater  than  those  used 
for  the  determination  of  gage  factor.  The  results  are  shown  in  figures 
10  and  11,  In  order  to  determine  the  indicated  strain  of  the  gage 

1  o 

“P'S  the  value  of  K  at  75°  F  was  taken  as  the  grand  average 
Ind  K  R  ’ 

of  the  values  obtained  in  the  room  temperature  gage  factor  tests.  For 
the  high  strain  tests  at  600°  F,  the  room  temperature  gage  factor  value 
was  adjusted  by  the  average  amount  found  during  the  variation  of  gage 
factor  with  temperature  tests. 

At  room  temperature  both  gages  failed  at  an  actual  strain  of  about 
0,004,  At  600°  F  gage  failure  or  large  errors  occurred  at  strains  of 
0,002  to  0,004,  The  initial  slope  of  the  curves  for  tests  at  600°  F 
indicated  a  gage  factor  about  5  percent  higher  than  the  value  calculated 
from  results  of  the  gage  factor  and  variation  of  gage  factor  tests. 

This  difference  cannot  be  explained  from  the  results  of  tests  covered 
by  this  report.  Gage  failure  was  evidenced  by  a  rapid  increase  in  gage 
resistance  for  small  strain  increments  or  an  open  circuit  within  the 
gage.  In  all  instances  the  bond  between  the  cement  and  test  bar  remained 
intact. 


4,4  Drift 

Records  of  relative  change  of  resistance  with  time  for  single  gages 
at  several  test  temperatures  are  shown  in  figures  12  through  21,  These 
results  were  obtained  after  heating  the  gage  installation  at  about  10°  F 
per  second  from  room  temperature  or  the  next  lower  test  temperature. 
Recording  was  started  1  minute  after  the  desired  test  temperature  was 
reached.  The  second  test  run  was  made  after  the  gages  had  been  tested 
once  at  each  test  temperature  up  to  1500°  F,  The  temperature  fluctuations 
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during  the  30  minute  recording  periods  were  not  greater  than  the  values 
shown  on  the  figures.  Although  temperature  variations  appear  to  be  one 
of  the  factors  affecting  the  gage  circuit  output,  no  attempt  was  made  to 
correct  the  data  for  temperature  f luctuations0  It  should  be  noted  that 
the  higher  drift  values  at  700°  800°  and  900°  F  required  the.  use  of 
different  scales  than  those  used  in  presenting  the  results  obtained  at 
other  temperatures.  During  the  first  test  series,  the  drift  rate  during 
the  first  5  minutes  was  generally  greater  than  250  parts  per  million 
resistance  change  per  minute  at  temperatures  above  600°  F  and  below 
1200°  F.  At  the  end  of  the  first  series  two  of  the  gages  were  unbonded 
due  to  corrosion  of  the  stainless  steel.  Results  obtained  from  a  second 
series  of  tests  of  the  gage  that  remained  bonded,  2,3-D^,  indicate  that 
the  drift  is  strongly  affected  by  gage  history.  Drifts  found  during 
this  second  series  were  generally  significantly  less  than  during  the 
first  series  except  at  1000°  F  where  the  drifts  for  the  two  runs  were 
approximately  of  the  same  magnitude  but  of  opposite  direction  (figure  16), 


4,5  Temperature  Sensitivity 

Temperature  coefficient  values,  relative  change  of  resistance  per 
unit  temperature  change,  for  two  gages  mounted  on  type  302  stainless 
steel  are  shown  in  figure  22,  Each  point  was  determined  as  the  slope  of 
a  line  drawn  tangent  to  a  curve  of  relative  change  of  gage  resistance 
versus  temperature  recorded  while  the  test  strip  temperature  was  in¬ 
creased  at  about  10°  F  per  second.  Since  the  values  obtained  from  the 
second  and  third  test  runs  on  one  gage  did  not  differ  by  as  much  as 
20  ppm  per  °F,  the  averages  of  these  runs  are  shown,.  The  curves  show 
some  difference  between  gages  and  considerable  dependence  upon  gage 
history  in  the  temperature  range  between  800°  and  1200°  F, 

Temperature  coefficient  values  were  obtained  from  curves  recorded 
at  a  sensitivity  sufficiently  high  to  require  rebalancing  the  bridge 
circuit  circuit  several  times  during  the  test.  Because  of  the  resulting 
discontinuities  in  the  recorded  curves,  an  indication  of  the  total  change 
of  gage  resistance  with  temperature  was  not  directly  obtainable.  There¬ 
fore  the  curves  of  figure  23  were  obtained  by  mechanical  integration  of 
the  temperature  coefficient  curves  in  order  to  show  the  change  of  gage 
resistance  with  increasing  temperature. 


4,6  Transient  Heating 

The  results  of  tests  in  which  the  temperature  of  the  test  strip  to 
which  the  gage  was  attached  changed  at  about  50°  F  per  second  are  shown 
in  figures  24  through  27,  The  gages  were  mounted  on  test  strips  of 
type  302  stainless  steel.  Figures  24  and  25  show  the  response  of  gages 
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2,3-R^  and  2,3-R2  when  subjected  to  three  series  of  transient  heating 
cycles,,  Each  heating  series  consisted  of  five  heating  cycles  from  room 
temperature  to  a  maximum  temperature  and  back  to  room  temperature.  The 
maximum  temperatures  were  about  600%  800%  1000%  1200%  and  1500°  F 
(temperature  changes  of  about  500°  to  1400°  F) „  Gage  2,3-R^  was  subjected 
to  one  cycle  of  heating  to  1000°  F  before  the  results  shown  were  obtained. 
The  curves  for  the  second  and  third  tests  could  not  be  separated  on  the 
scale  used  to  show  the  results. 

Examination  of  the  figures  shows  that  the  gage  response  is  nearly 
linear  up  to  about  1000°  F;  the  gage  response  is  affected  by  history; 
and  the  variation  of  response  from  gage  to  gage  is  comparable  to  the 
variation  between  the  first  run  and  subsequent  runs  of  the  same  gage. 


4,7  Leakage  Resistance 

The  average  resistances  between  the  gages  and  the  test  strips  are 
shown  in  figure  28,  The  resistance  measurements  were  made  with  a 
Triplett  vacuum  tube  voltmeter,,  Model  650o  The  common  terminal  of  the 
instrument  was  connected  to  the  test  strip.  The  readings  were  taken 
within  a  few  minutes  after  the  test  strip  had  reached  the  test  temperature. 
Resistance  between  the  gage  and  test  strip  decreased  rapidly  with  increas¬ 
ing  temperature.  The  values  shown  can  be  considered  as  only  a  qualitative 
indication  of  the  insulating  property  of  the  cement  since  ceramic  cements 
would  not  be  expected  to  follow  Ohm's  law%^ 

4,8  Gages  Destroyed 

During  the  installation  and  testing  of  these  gages,  eight  gages  were 
damaged^  destroyed,  or  the  intended  information  was  not  obtained  from 
them.  The  number  of  gages  lost  and  the  reasons  for  the  loss,  if  known,, 
are  shown  in  table  4, 


5,  CONCLUSIONS 

For  gages  of  this  type^  the  data  obtained  from  the  evaluation  tests 
covered  by  this  report  indicate  that: 

(1)  Gage  factor  values  determined  at  strains  up  to  0,001  at  75°  F 
agree  with  the  manufacturer's  value  of  2,2  ±  0ol,  The  gage  resistance 
is  a  nearly  linear  function  of  strain  over  this  strain  range, 

(2)  The  gage  factor  decreases  approximately  9  percent  as  the  tem¬ 
perature  increases  from  about  75°  to  1000°  F,  This  decrease  is  nearly 
linear  with  temperature. 
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(3)  At  room  temperature,  these  gages  can  sustain  strain  of  about 
0.004  without  failure.  At  600°  F,  the  strain  range  is  reduced  to  0.002 
to  0.003. 

(4)  The  drift  behavior  is  repeatable  from  gage  to  gage  and  is 
strongly  affected  by  gage  history. 

(5)  The  temperature  coefficient  of  the  gage  is  nearly  constant 
and  repeatable  from  75°  to  about  800°  F.  Between  800°  and  1200°  F  the 
temperature  sensitivity  is  strongly  affected  by  gage  history.  In  the 
range  of  800°  to  1200°  F  the  high  and  rapidly  changing  temperature 
sensitivity  could  introduce  large  and  uncertain  errors  in  indicated 
strain.  After  exposure  to  1500°  F  the  temperature  coefficient  in  the 
800°  to  1200°  F  range  is  greatly  reduced  and  repeatable. 

(6)  The  response  of  the  gage  when  subjected  to  transient  heating 
conditions  becomes  repeatable  after  one  heating  cycle  to  1500°  F.  Varia¬ 
tion  of  response  from  gage  to  gage  is  of  the  same  magnitude  as  the  varia¬ 
tion  between  the  first  heating  cycle  to  1500°  F  and  subsequent  tests. 

(7)  The  resistance  between  the  gage  and  test  strip  decreases  rapidly 
with  increasing  temperature.  This  resistance  at  temperatures  below  1200°F 
is  significantly  increased  by  heating  the  gage  installation  to  1500°  F. 


Washington,  D.  C. 
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APPENDIX 

The  type  FNH-25-12B  gages  tested  for  this  report  were  installed 
on  stainless  steel  (type  302  and  303)  in  the  following  manner: 

A.  Cement  Preparation 

1.  Allen  P-1  cement,  procured  from  Baldwin-Lima- Hamilton 
Corp.,  was  mixed  in  the  proportion  of  two  parts 
powder  to  one  part  liquid  by  volume. 

2.  A  few  hours  were  allowed  to  elapse  before  the  cement 
was  used. 

B.  Surface  Preparation 

1.  The  test  specimens  were  cleaned  with  toluol  and  then 
acetone  to  remove  petroleum  products. 

2.  The  surface  was  roughened  by  lightly  sandblasting  and 
recleaned  with  acetone. 

3.  The  surface  was  scrubbed  with  a  gauze  pad  saturated 
with  Allen  P-1  cement.  Excess  cement  was  wiped  off 
with  a  clean  gauze  pad. 

4.  A  thin  coating  of  cement,  about  0.001  inch  thick,  was 
applied  to  an  area  larger  than  would  be  occupied  by 
the  gage.  The  precoat  was  air  dried  for  30  minutes 
and  then  cured  for  one  hour  at  220°  F  followed  by  one 
hour  at  600°  F. 

C.  Gage  Preparation 

1.  The  backing  material  was  stripped  from  the  heavy  end 
tabs  for  approximately  half  their  length  and  the  free 
plastic  material  was  removed  with  scissors. 

2.  A  one- inch  piece  of  Nichrome  V  ribbon  was  formed  into 
a  "fish  mouth"  by  folding  one  end  of  the  ribbon  back 
on  itself,  welding  the  free  end  to  itself  to  form  a 
small  loop,  and  cutting  the  end  of  the  loop.  A  "fish 
mouth"  thus  formed  was  sandwiched  over  each  gage  tab 
and  spotwelded  to  it. 

3.  The  backing  material  was  stripped  from  the  grid  end  of 
the  gage  for  about  one  fourth  of  the  grid  length. 
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4.  The  gage  bonding  surface  was  cleaned  of  contamina¬ 
tion  by  wetting  the  exposed  surface  of  the  gage  and 
tabs  with  cement  and  stroking  the  grid  with  the 
index  finger. 


C.  Gage  Installation 

1.  The  surface  of  the  precoat  was  prewetted  by  applying 
a  heavy  coat  of  cement  and  then  removing  the  excess 
with  a  piece  of  gauze. 

2.  A  thin  coat  of  cement  was  then  applied  to  the  precoat 
and  the  gage  placed  into  the  cement  with  the  foil 
side  down. 

30  The  prestripped  backing  from  the  grid  end  was  folded 
back  and  the  exposed  grid  covered  with  a  thin  coat 
of  cement  which  was  then  covered  with  the  backing 
and  the  gage  firmly  pressed  into  the  cement. 

4.  A  thin  coat  of  cement  was  brushed  over  the  exposed 
tabs  and  half  of  the  ribbon  lead  length.  The  instal¬ 
lation  was  then  air  dried  until  the  cement  did  not 
adhere  to  the  gage  side  of  the  backing  material „ 

5.  The  backing  material  was  stripped  from  the  lead 
end  toward  the  bottom  of  the  grid  exposing  approx¬ 
imately  one  quarter  of  the  grid  and  a  thin  coat  of 
cement  was  applied.  The  backing  material  was 
replaced  and  the  gage  pressed  into  the  cement. 

6.  The  tabs  and  half  the  ribbon  lead  length  were 
covered  with  a  second  thin  coat  of  cement  and 
then  air  dried. 

7.  Starting  at  the  grid  end  the  backing  material  was 
removed  from  the  entire  gage  and  a  thin  coat  of 
cement  applied  to  the  exposed  grid  area  and  a 
heavier  coat  over  the  tabs  and  leads. 

8.  The  first  coat  was  semi-cured  for  30  minutes  at 
approximately  200°  F  and  a  second  cover  coat 
applied  after  the  installation  had  cooled. 

9.  The  gage  installation  was  given  a  final  cure  by 
slowly  raising  the  temperature  to  200°  F,  holding 
this  temperature  for  two  hours,  raising  the  tem¬ 
perature  to  600°  F  at  a  rate  of  approximately  200°  F 
per  hour,  and  curing  at  600°  F  for  one  hour.  The 
installation  was  then  cooled  in  the  furnace. 
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Table  1  -  Number  of  Gages  Subjected  to  Tests 


Type  of  Test 

No.  of 

gages  tested 

Gage  factor 

'•  4 

Variation  of  gage  factor  with  temperature 

6 

High  strain 

5 

Drift 

3 

Temperature  sensitivity 

2 

Transient  heating 

2 

Leakage  resistance 

3* 

•k 

Leakage  resistance  was  determined  during 
tests . 

the  drift 
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Table  2  -  Voltage  Applied  to  Test  Circuits 


Type  of  Test 

Approximate 

voltage 

Gage  factor 

3 

Variation  of  gage  factor  with  temperature 

6 

High  strain 

5* 

Drift 

8 

Temperature  sensitivity 

5 

Transient  heating 

8 

Leakage  resistance 

1 

•k 

1000  cps.  All  other  power  was  dc. 
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Table  3  -  Gage  Factor  Values  at  About  75°  F 


Gage 

No. 


2.3-A 


2.3-A2 


2.3-A3 


2,  3-A 


Run 

No. 

Gage  Factor  Values 

Tension 

Compression 

Ku 

Kd 

K 

Kd 

1 

1 

2,111 

2.251 

2.181 

2.216 

2.187 

2.201 

2 

2.192 

2.216 

2.204 

2.  199 

2.198 

2. 198 

3 

2.203 

2.200 

2.202 

2.200 

2.192 

2.196 

Average 

2.169 

2.222 

2. 196 

2.205 

2.192 

2.198 

1 

2,222 

2.221 

2.222 

2.201 

2.195 

2.198 

2 

2.210 

2,223 

2*217 

2.217 

2.179 

2. 198 

3 

2.220 

2,216 

2.218 

2.197 

- 

- 

4 

2.219 

2.182 

2.201 

Average 

2.217 

2,220 

2a219 

2.208 

2.185 

2.199 

1 

2.218 

2.235 

2*227 

2.221 

2.210 

2.216 

2 

2.218 

2,231 

2.224 

2,214 

2.207 

2.210 

3 

2.225 

2,228 

2.227 

2,217 

2.209 

2.213 

Average 

2.220 

2,231 

2,226 

2.217 

2.209 

2.213 

1 

2.240 

2.239 

2.240 

2.210 

2.234 

2.222 

2 

2.237 

2.244 

2.240 

2.223 

2.235 

2.229 

3 

2.239 

2.238 

2.239 

2.224 

2.234 

2.229 

Average 

2.239 

2.240 

2.240 

2.219 

2.234 

2.227 
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Table  4  -  Gages  Lost  Before  Completion  of  Tests 


No.  of 

gages  lost  Remarks 


1  Gage  grid  was  damaged  in  welding  lead  ribbons 

to  tabs. 

1  Grid  loop  was  damaged  while  applying  cement. 

2  Open  circuit  was  found  in  gage  upon  comple¬ 

tion  of  installation. 

2  Bond  between  the  cement  and  the  stainless 

steel  test  strip  failed  upon  exposure  to 
1500°  F. 

2  Gage  was  damaged  in  handling  after  completion 

of  installation. 
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Fig.  19  Drift  behavior  at  1300 
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Office  of  Naval  Research 
(Mechanics  Branch  Code  438) 
Washington  25,  D.  C. 

Naval  Boiler  and  Turbine 
Laboratory 

Philadelphia  Naval  Base 
Philadelphia  12,  Pennsylvania 
Attn:  Mr.  Murdock,  Instrumenta¬ 
tion  Division 

Naval  Research  Laboratory 
Anacostia,  D.  C. 

Oak  Ridge  National  Laboratory 
Oak  Ridge,  Tennessee 
Attn:  Mr.  H.  J.  Metz, 

Instrument  Department 

Commanding  General,  Redstone 
Arsenal 

Huntsville,  Alabama 
Attn:  Technical  Library 

Commander,  Armed  Services 
Technical  Information  Agency 
Arlington  Hall  Station 
Arlington  12,  Virginia 
Attn:  TIPCR 


-  2  - 


Springfield  Armory 
Federal  Street 
Springfield,  Massachusetts 
Attn:  Mr.  Salame 


National  Bureau  of  Standards 

Enameled  Metals  Section 

Washington  25,  D.  C.  1 


Other  Agencies 


Advanced  Technology  Laboratories 
369  Whisman  Road 

Mountain  View,  California  1 

Aero lab  Development  Company,  Inc . 

330  W.  Holly  Street 

Pasadena  3,  California  1 

Aeronwtronics  Systems,  Inc. 

1234  Air  Way 

Glendale,  California 

Attn:  G.  J.  Pastor  1 

AIResearch  Manufacturing  Co0 
of  Arizona 
402  So  36th  Street 

Phoenix,  Arizona  1 

Allegany  Instruments  Co. 

11801  Mississippi  Avenue 

Los  Angeles  25,  California 

Attn:  Robert  D„  Chipman  1 

Allegany  Instruments  Co0 

1091  Wills  Mountain 

Cumberland,  Maryland 

Attn:  James  E„  Starr  1 

Allied  Research  Associates,  Inc. 

43  Leon  Street 

Boston  15,  Massachusetts 

Attn:  Mr.  D.  Franklin  1 

Allison  Division 
General  Motors  Corp. 

Indianapolis  6,  Indiana  1 

American  Instrument  Company 
Silver  Spring,  Maryland  1 

A0  0„  Smith  Corporation 

Milwaukee  1,  Wisconsin 

Attn:  Research  Library  1 


Armour  Research  Foundation 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois 

Attn:  Mr.  W.  Graft  1 

Armour  Research  Foundation 
Illinois  Institute  of  Technology 
Chicago  16,  Illinois 

Attn:  Mr.  H.  L.  Rechter  1 

Atomic  Instrument  Company 

84  Massachusetts  Avenue 

Cambridge  39,  Massachusetts  1 

Atomics  International 
A  Division  of  North  American 
Aviation,  Inc. 

P.  0.  Box  309 

Canoga  Park,  California  1 

Atomic  Power  Development 
Associates,  Inc. 

1911  First  Street 

Detroit.  26,  Michigan 

Attn:  Mr.  F.  R.  Beyer  1 

Baldwin-Lima- Hamilton  Corp. 
Electronics  and  Instrumentation 


Divis ion 
42  Fourth  Avenue 

Waltham  54,  Massachusetts  1 

Beech  Aircraft  Corporation 

Wichita,  Kansas  1 

Bell  Aircraft  Corporation 

Niagara  Falls,  New  York  1 

Bell  Aircraft  Corporation 

Fort  Worth,  Texas  1 

ARO,  Inc. 

Tullahoma,  Tennessee 

Attn:  Mr,  H.  K.  Matt  1 
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Bendix  Products  Division  - 
Missiles 

Bendix  Aviation  Corporation 


Mishawaka,  Indiana 

Attn:  George  T.  Cramer  1 

Benson-Lehner  Corporation 

West  Los  Angeles,  Calif.  1 

B.  Jo  Electronics 
P.  0.  Box  1679 

Santa  Ana,  California  1 

Boeing  Airplane  Company 

Seattle,  Washington  1 

Boeing  Airplane  Company 

Wichita,  Kansas  1 


The  Budd  Company 
Instrument  Division 
P,  0.  Box  245 

Phoenixvil le,  Pennsylvania  1 

Bulova  Research  &  Development 
Laboratories,  Inc. 

62-10  Woodside  Avenue 

Woodside  77,  New  York  1 

Cessna  Aircraft  Company 

Wichita,  Kansas  1 

Chance  Vought  Aircraft,  Inc. 

Dallas,  Texas  1 

Columbia  Research  Laboratories 
MacDade  Blvd.  and  Bui lens  Lane 
Woodlyn,  Pennsylvania  1 

Combustion  Engineering,  Inc. 
Chattanooga  Division 

Chatanooga  1,  Tennessee  1 

Consolidated  Electrodynamics 
Corporation 

360  Sierra  Madre  Villa 

Pasadena  15,  California 

Attn:  Research  Library  1 

Convair,  A  Division  of  General 
Dynamics  Corporation 
San  Diego,  California  1 


Convair,  A  Division  of  General 
Dynamics  Corporation 
Fort  Worth,  Texas  1 

Cook  Research  Laboratories 
6401  Oakton  Street 

Morton  Grove,  Illinois  1 

Cornell  Aeronautical  Laboratory, 

Inc .  * 

Structural  Laboratory  Section 
Buffalo  21,  New  York 

Attn:  Mr.  J.  E.  Carpenter  1 

Curtiss-Wright  Corporation 
Test  Instrumentation  &  Equipment 


Division 

Wood-Ridge,  New  Jersey 

Attn:  Mr,  M.  Semanyshyn  1 

Curtiss-Wright  Corporation 
Propeller  Division 

Caldwell,  New  Jersey  1 

Douglas  Aircraft  Company,  Inc. 

Santa  Monica,  California  1 

Douglas  Aircraft  Company,  Inc. 

El  Segundo,  California  1 

Douglas  Aircraft  Company,  Inc. 

Long  Beach,  California  1 


Esso  Research  and  Engineering  Co. 

P.  0.  Box  8 
Linden,  New  Jersey 

Attn:  Design  Engineering  Div„  1 

Fairchild  Aircraft  Division 
Fairchild  Engine  &  Airplane  Cor p. 
Hagerstown,  Maryland  1 

Fairchild  Engine  Division 
Fairchild  Engine  &  Airplane  Corp. 

Deer  Park,  Long  Island,  New  York  1 

Fielden  Instrument  Division 
Robert  Shaw-Fulton  Controls  Co. 

2920  N.  4th  Street 

Philadelphia  33,  Pennsylvania  1 
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Fluor  Products  Company 
P.  0.  Box  510 

Whittier,  California  1 

Foster  Wheeler  Corporation 
666  Fifth  Avenue 

New  York  19,  New  York  1 

General  Electric  Company 
ANP  Department 

Cincinnati  15,  Ohio  1 

General  Electric  Company 

General  Engineering  Laboratory 

Schenectady,  New  York 

Attn;  Mr,  D„  DeMichele  1 

General  Electric  Company 
Aircraft  Gas  Turbine  Division 
Cincinnati  15,  Ohio  1 

General  Electric  Company 

Special  Products  Division 

30th  and  Walnut  Streets 

Philadelphia,  Pennsylvania 

Attn;  Mr.  M.  Bennon  1 

General  Electric  Company 
Missile  6c  Ordnance  Systems  Dept, 

3198  Chestnut  Street 

Philadelphia  4,  Pennsylvania  1 

Gilmore  Technical  Associates 
Cleveland,  Ohio  1 

Goodyear  Aircraft  Corporation 
Akron  15,  Ohio  1 

Grumman  Aircraft  Engineering 
Corporation 

Bethpage,  Long  Island,  New  York 
Attn;  Engineering  Library 

Plant  5  1 

High  Temperature  Instruments  Corp, 
225  West.  Lehigh 

Philadelphia,  Pennsylvania  1 

J.  T„  Hill  Company 
420  S.  Pine  Street 

San  Gabriel,  California  1 


Hughes  Aircraft  Company 

13141  Downie  Place 

Garden  Grove,  California 

Attn;  Mr.  Philip  0.  Vulliet  1 

Lockheed  Aircraft  Corporation 

Burbank,  California 

Attn;  Mr.  W.  Brewer,  Research 

Dept.  1 

Lockheed  Aircraft  Corporation 
Georgia  Division 
Marietta,  Georgia 

Attn;  Engr.  Tech.  Library  1 

Lockheed  Aircraft  Corporation 

Missiles  Systems  Division 

Van  Nuys,  California  1 

Lockheed  Electronics  Company 

Auronics  6c  Industrial  Products  Div. 

Transducer  Department 

6201  E  Randolph  Street 

Los  Angeles  22,  California  1 

Lycoming  Division 

AVC0  Manufacturing  Corporation 

Stratford,  Connecticut 

Attn;  Mr.  R.  Hohenberg  1 

Marquardt  Corporation 
16555  Saticoy  Street 
Van  Nuys,  California 
Attn;  Engineering  Library 
Mr.  Leslie  Bermann 
Structures  Development  Lab,  1 

Massachusetts  Institute  of 
Technology 

Laboratory  for  Insulation  Research 
Cambridge  39,  Massachusetts  1 

McDonnell  Aircraft  Corporation 

St.  Louis,  Missouri  1 

Mr.  Given  A.  Brewer 
Consulting  Engineer 

Marion,  Massachusetts  1 

Microdot,  Inc_ 

220  Pasadena  Avenue 
South  Pasadena,  California 


1 
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Mithra  Engineering  Company 
P.  0.  Box  472 

Van  Nuys,  California  1 

National  Electronics 
Laboratories  Inc. 

1713  Kalorama  Road,  N.W. 


Washington  9,  Do  C„  1 

North  American  Aviation,  Inc. 
Structures  Engineering  Dept. 
Inglewood,  California  1 

North  American  Aviation,  Inc. 
Columbus,  Ohio  1 

Northrop  Aircraft,  Inc. 

Hawthorne,  California  1 

Pennsylvania  State  College 
University  Park,  Pennsylvania  1 


Polytechnic  Institute  of  Brooklyn 

99  Livingston  Street 

Brooklyn  1,  New  York 

Attn:  Mr.  N„  J,  Hoff  1 

Research  Librarian 

Portland  Cement  Association 

5420  Old  Orchard  Road 

Skokie,  Illinois  1 

Pratt  and  Whitney  Aircraft  Div. 
United  Aircraft  Corporation 
East  Hartford,  Connecticut 
Attn:  Mr.  G.  E.  Beardsley,  Jr.  1 

Radiation  Incorporated 
instrumentation  Division 
P.Os,  Box  2040,  Pine  Castle  Branch 
Orlando,  Florida 

Attn:  Mr.  U.  R.  Barnett  1 

Republic  Aviation  Company 
Farmingdale,  Long  Island, 

New  York  1 

Research,  Incorporated 
115  N„  Buchanan  Avenue 
Hopkins,  Minnesota 

Attn:  Mr.  F„  G.  Anderson  1 


Ryan  Aeronautical  Company 

San  Diego,  California  1 

Solar  Aircraft  Company 

2200  Pacific  Highway 

San  Diego  12,  California  1 

Southwest  Research  Institute 
8500  Culebra  Road 

San  Antonio  6,  Texas  1 

Statham  Laboratories,  Inc. 

12401  W.  Olympic  Blvd. 

Los  Angeles  64,  California  1 

Stratos  Division 

Fairchild  Engine  &  Airplane  Corp. 

Bay  Shore,  L.  I.,  New  York  1 


Systems  Research  Laboratories,  Inc. 


300  Woods  Drive 
Dayton  32,  Ohio 

Attns  R.  A.  Johnson  1 

Temco  Aircraft  Corporation 

Dallas,  Texas  1 

The  Martin  Company 

Baltimore,  Maryland  1 

The  Martin  Company 

Denver  1,  Colorado  1 


The  Society  for  Experimental 
Stress  Analysis 
Central  Square  Station 
P,  00  Box  168 

Cambridge  39,  Massachusetts  1 

Thiokol  Chemical  Corporation 
Utah  Division 
Brigham  City,  Utah 
Attn:  Instrumentation  Engineer¬ 
ing  Unit  1 

Trans-Sonics,  Inc. 

P.  0.  Box  328 

Lexington  73,  Massachusetts  1 

University  of  Colorado 
Boulder,  Colorado 
Attn:  Prof.  F.  C.  Walz 


1 
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University  of  Dayton  Research 
Institute 

Special  Projects  Division 
Dayton  9 ,  Ohio 
Attn:  E.  A„  Young 


Westinghouse  Electric  Corporation 
Materials  Engineering  Department 
K-70,  Performance  Laboratory 
East  Pittsburgh,  Pennsylvania 


1 


1 


University  of  New  Mexico 
Engineering  Experiment  Station 
Albuquerque,  New  Mexico 


Lockheed  Aircraft  Corporation 
P.  0.  Box  551 


1 


Burbank,  California 
Attn:  Co  Jo  Buzzetti 


Bldg  360,  Plant  B-6 


1 


Westinghouse  Electric  Corp. 
Atomic  Power  Division 
Pittsburgh,  Pennsylvania 


1 


Professor  H.  H„  Bleich 
(NR  064-417) 

Dept„  of  Civil  Engineering 

Columbia  University 

Broadway  at  117  Street 

New  York  27,  New  York  1 

Professor  D.  C„  Drucker 
(NR  064-424) 

Division  of  Engineering 
Brown  University 

Providence  12,  Rhode  Island  1 

Professor  N,  3„  Hoff 
(NR  064-425) 

Division  of  Aeronautical 
Engineering 
Stanford  University 
Stanford,  California  1 

Professor  Joseph  Kempner 
(NR  064-433) 

Dept „  of  Aeronautical  Engineering 
and  Applied  Mechanics 
Polytechnic  Ins  titrate  of  Brooklyn 
333  Jay  Street 

Brooklyn  1,  New  York  1 

Mr .  Peter  Stein 
5602  E.  Monte  Rosa 

Phoenix,  Arizona  1 

Bristol  Aircraft  Limited 
Electronic  and  Vibration 
Laboratory  -  E6D„Lo 
Filton  House 

Bristol,,  England  1 


U.  S.  DEPARTMENT  OF  COMMERCE 
Luther  H.  Hodges,  Secretary 


NATIONAL  BUREAU  OF  STANDARDS 
A.  V.  Astin,  Director 


THE  NATIONAL  BUREAU  OF  STANDARDS 

The  scope  of  activities  of  the  National  Bureau  of  Standards  at  its  major  laboratories  in  Washington,  D.C.,  and 
Boulder,  Colorado,  is  suggested  in  the  following  listing  of  the  divisions  and  sections  engaged  in  technical  work. 
In  general,  each  section  carries  out  specialized  research,  development,  and  engineering  in  the  field  indicated  by 
its  title.  A  brief  description  of  the  activities,  and  of  the  resultant  publications,  appears  on  the  inside  of  the 
front  cover. 


WASHINGTON,  D.C. 

Electricity.  Resistance  and  Reactance.  Electrochemistry.  Electrical  Instruments.  Magnetic  Measurements. 
Dielectrics. 

Metrology.  Photometry  and  Colorimetry.  Refractometry.  Photographic  Research.  Length.  Engineering  Metrology. 
Mass  and  Scale.  Volumetry  and  Densimetry. 

Heat.  Temperature  Physics.  Heat  Measurements.  Cryogenic 'Physics.  Equation  of  State.  Statistical  Physics, 
Radiation  Physics.  X-ray.  Radioactivity.  Radiation  Theory.  High  Energy  Radiation.  Radiological  Equipment. 
Nucleonic  Instrumentation.  Neutron  Physics. 

Analytical  and  Inorganic  Chemistry.  Pure  Substances.  Spectrochemistry.  Solution  Chemistry.  Standard  Refer¬ 
ence  Materials.  Applied  Analytical  Research. 

Mechanics.  Sound.  Pressure  and  Vacuum.  Fluid  Mechanics.  Engineering  Mechanics.  Rheology.  Combustion 
Controls. 

Organic  and  Fibrous  Materials.  Rubber.  Textiles.  Paper.  Leather.  Testing  and  Specifications.  Polymer  Struc¬ 
ture.  Plastics.  Dental  Research. 

Metallurgy.  Thermal  Metallurgy.  Chemical  Metallurgy.  Mechanical  Metallurgy.  Corrosion.  Metal  Physics.  Elec¬ 
trolysis  and  Metal  Deposition. 

Mineral  Products.  Engineering  Ceramics.  Class.  Refractories.  Enameled  Metals.  Crystal  Growth.  Physical 
Properties.  Constitution  and  Microstructure. 

Building  Research.  Structural  Engineering.  Fire  Research.  Mechanical  Systems.  Organic  Bjuilding  Materials. 
Codes  and  Safety  Standards.  Heat  Transfer.  Inorganic  Building  Materials. 

Applied  Mathematics.  Numerical  Analysis.  Computation.  Statistical  Engineering.  Mathematical  Physics.  Op¬ 
erations  Research. 

Bata  Processing  Systems.  Components  and  Techniques.  Digital  Circuitry.  Digital  Systems.  Analog  Systems. 
Applications  Engineering. 

Atomic  Physics.  Spectroscopy.  Infrared  Spectroscopy.  Solid  State  Physics.  Electron  Physics.  Atomic  Physics. 
Instrumentation.  Engineering  Electronics.  Electron  Devices.  Electronic  Instrumentation.  Mechanical  Instru¬ 
ments.  Basic  Instrumentation. 

Physical  Chemistry.  Thermochemistry.  Surface  Chemistry.  Organic  Chemistry.  Molecular  Spectroscopy.  Mole¬ 
cular  Kinetics.  Mass  Spectrometry. 

Office  of  Weights  and  Measures. 

BOULDER,  COLO. 

Cryogenic  Engineering.  Cryogenic  Equipment.  Cryogenic  Processes.  Properties  of  Materials.  Cryogenic  Tech¬ 
nical  Services. 

Ionosphere  Research  and  Propagation.  Low  Frequency  and  Very  Low  Frequency  Research.  Ionosphere  Research. 
Prediction  Services.  Sun-Earth  Relationships.  Field  Engineering.  Radio  Warning  Services. 

Radio  Propagation  Engineering.  Data  Reduction  Instrumentation.  Radio  Noise.  Tropospheric  Measurements. 
Tropospheric  Analysis.  Propagation-Terrain  Effects.  Radio-Meteorology.  Lower  Atmosphere  Physics. 

Radio  Standards.  High  Frequency  Electrical  Standards.  Radio  Broadcast  Service.  Radio  and  Microwave  Materi¬ 
als.  Atomic  Frequency  and  Time  Interval  Standards.  Electronic  Calibration  Center.  Millimeter-Wave  Research. 
Microwave  Circuit  Standards. 

Radio  Systems.  High  Frequency  and  Very  High  Frequency  Research.  Modulation  Research.  Antenna  Research. 
Navigation  Systems. 

Upper  Atmosphere  and  Space  Physics.  Upper  Atmosphere  and  Plasma  Physics,  Ionosphere  and  Exosphere 
Scatter.  Airglow  and  Aurora,  Ionospheric  Radio  Astronomy. 


